REPORT NO. NADC-83076-60

V@)
o~
aquumnen)
S
| o)
age——
<<
&

o USN/USAF
ANTI-G-SUIT
CONSOLIDATION PROGRAM

Jules Z. Lewyckyj
Aircraft and Crew Systems Technology Directorate
NAVAL AIR DEVELOPMENT CENTER .
Warminsier, FA 10574 i
!

. 22 AUGUST 1983 N

FINAL REPCRT t_:g(/,

Approved for Public Release; Distribution Unlimited q

Prepared For

NAVAL AIR SYSTEMS COMMAND
Department of the Navy
Washington, DC 20361

T

DTIC FILE COPY

83 12 20 o064




NOTICES

REPORT NUMBERING SYSTEM — The numbering of technical project reports issued by the Naval
Air Development Center is arranged for specific identification purposes. Each number consists of
the Center acronym, the calendar year in which the number was assigned, the sequence number of
the report within the specific calendar year, and the official 2-digit correspondence code of the
Command Office or the Functional Directoral esponsible for the report. For example: Report
No. NADC-78015-20 indicates the fifteenth Center report for the year 1978, and prepared by the
Systems Directorate. The numerical codes are as follows:

COCE OFFICE OR DIRECTORATE
00 Commander, Naval Air Development Center
01 Technical Director, Naval Air Development Center
02 Comptroller
10 . Directorate Command Projects
20 Systems Directorate
30 Sensors & Avionics Technology Directorate
40 Communication & Navigation Technology Directorate
50 Software Computer Directorate
60 Aircraft & Crew Systems Technology Directorate
70 Planning Assessment Resources
80 Engineering Support Group

PRODUCT ENDORSEMENT — The discussion or instructions concerning commercial products
herein do not constitute an endorsement by the Government nor do they convey or imply the
license or right to use such products.

APPROVED av:Q/QﬁZ/ DATE: £ i A 5PF
LABHER

CAPT—MSC. AUSN

SR A




< it

_UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entersd)

READ INSTRUCTIONS

REPGORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

T REPORT NUMBER 2. GOVT ACCESSION NOJ 3. RECIPIENT'S CATALOG NUMBER
NADC-83076-60 S-A1D06 |8
4. TITLE (and Subticle) [ S. TYPE OF AEPORY A PERIOD COVERFED

USN/USAF Anti-G-Suit Consolidation Frogram Final

6. PERPORMING ORG. REPORT NUMBER

7. AUTHORy(s) 8. CONTRAZT OR GRANT NUMBER(s) -‘

Jules Z, Lewyckyj
9 Pe.nroaumc ORGANIZATION NAME AND ADDR!SS' 10. ::giR‘AuoanK!nEINTT.NPUFLOJSSJ. TASK

Aircraft and Crew Systems Technology Directorate

Naval Air Development Center

Warminster, PA 18974
11, CONTROLLING QFFICE NAME AND ADDRESS 2. REPORT DATE

Naval Air Systems Command 22 £ qust 1983 .

Department of the Navy 13. NUMBER OF PAGES

Washington, DC 20360
14, MONITORING AGENCY NAME & ADDRESS(If alfferent from Conirolling Oftice) 18 SECURITY CL ASS. (of thie report)

Unclassified
Sa. DECLASSIFICATION: DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for Public Release: Distribution Uniimited
17. DISTYRIBUTION STATEMENT (of the abatract entered In Block 20, 1{ diffarent from Report) e
18. SUPPLEMENTARY NOTES N
19. KEY WORDS (Continue on reverse aide if necossary and identity by block number)

Anti-G Suit "G"" Forces on Body

G Suit High “G"' Forces in High Performance Aircraft

CSU-13/pP Standardization of USN and USAF Anti-G Suits

CSU-15/P
20. ABSTRACT (Contiaue on reverse alde I{ nacessary an< identity by block number: h

"As a result of a Standardization meeting between the US Air Force and the US Navy, it was

decided that a joint specification would be prepared for an Anti-G Suit. To this end, each seivice

would evaluate the other Services Anti-G Suit and the best features would be combined. This

report provides some of the background and a comparison of both suits. It provides a test program

on the Air Force CSU-13/P Anti-G Suit to oe conducted by NAVAIRDEVCEN_/\

FORM
. EDITION OF 1 NOV 63 1S OBSOLETE
DD , 375, 1473 ' UNCLASSIFIED
S-N 0102-LF-014-¢60! SECURITY CLAJSIFICATION OF THIS PAGE (Whon Dets Bncered:

RO RaCll - gttt

FRPT VOt

O i PN




S— - o e "

NADC-83076-60
TABLE OF CONTENTS
| BACKGROUND . .o 1
DESC R P TION L 1
OPERATIONAL TEST CONCEPT . ... e e e e 2 .
TEST OBJECTIVES .o\ttt ettt e e e e e 2 |
PURPOSE & SCOPE ... e e e e e 3 i
FLIGHT TESTING .o e e e e e e 3
SUMM A R Y i e 4
ACKNOWLEDGEMENT ... e e e e 5
REFERENCES ... e 5
APPENDIX A - Anti-G Garment Comparison Chart .. . ....... .. i A-1
APPENDIX B - Program Management Summary of Research and
Development Efforts . ..ot i i i e e e e B-1
APPENDIX C - Aircrewmen QUestiONNAire .. ... ..ottt it ey C1
|
LIST OF TABLES %
Jable Page *
(. Stature and Weight Ranges For Fitting Of G-Suit .. ... ... ... ... ... ... . .... 3 i
|
I
;
i ,A(/
N |




NADC-83076-60

This Page Intentionally Left Blank

R rewens
- . .
- Db e P
. Can s -
LY ‘ \ : N KW - S Y Y - i
R L P oy o . Y e memel N e aide e e




NADC-83076-60

BACKGROUND

‘ A consolidation/Standardization Meeting on an Anti-Gravity (G) garment was held at the

| Naval Air Development Center (NAVAIRDEVCEN), Warminster, PA on 25 February, 1982

i between the United States Air Force (USAF) and United States Navy (USN). The purpose of the
meeting consisted of trying to prepare a joint, consolidated specification through the exchange

and operational testing and evaluation of each others most current, service qualified Anti-G
garment. Thereforg, NAVAIRDEVCEN will make an evaluation/comparison of the USAF CSU-13.:F
Anti-G garment and include its best features into the joint specification, just as the Air Force will
make a comparison of the Navy Anti-G garment (CSU-15/F).

DESCRIPTION

The CSU-13/P Anti-G garment is used by the Air Force to give aircrew members flying in
high performance aircraft enhanced protection from high-G forces. The garment is an air-inflated,
constricting garment that is constructed of polyurethane-coated, nylon cloth bladder covered by |
an outer shell of light weight, 95/6 Nomex/Kevlar blend material (MIL-C-83429). ;

As stated in reference A, the bladders of the CSU-13/P series cutaway garment are intlated
automatically by means of a metering valve during maneuvers involving positive forces of two or
more ““Gs.” The pressure applied by the garment to the user’s body is proportional to the “Gs.”
Positive ““G’* force is defined as a force acting on the body in a direction froin head to foot. [t is
usually encountered when pulling out of a dive or in a turn while in the seated position. Symp* »ms
of positive “G"’ forces {average values after ten seconds application) are: 1G-normal; 2G-feeling of
being pressed in seat; 3G-impossible to get out of seat and difficult to move arms; 3 to 4Gs-gray
out {dimming of vision and loss of side vision); 4 to 5Gs-loss of vision or blackout; 5 to 6Gs:-
unconsciousness. The anti-G garment provides about two G's extra protection. The resulting pres-
surization of the abdominal and leg regions ensures an adequate blood supply to the upper body
and head by counteracting the drawing of the blood from the head and chest into the lower part
of the bady under high G’ forces, thus preserving circulation, visual activity and mental alert-
ness. The bladders deflate when levet flight is resumed.

The major differences between USAF (C3U-13/P) and USN (CSU-15/P) designs are as
follows: ;

a) CSU-13/P leg zipper closures are conver,tional and close in an upward directior,, as
well as an eye and loop at the top and a snap at the bottom to prevent fastener
separation; the USN uses a quick-release type that separates in a downward direction.

b) CSU-13/P uses a larger bladder size and a heavier biadder cloth of urethane-coated !
nylon.

c) CSU-13/P has thigh take-up zippers, and accessories of a MC-1 knife pocket and
cnecklist retainers, while USN has no requirements for these items.

d) CSU-13/P attachment hose length is 17 inches versus 22 inches on the USN Anti-G
garment,

e) CSU-13/P uses hook ard pile fasteners for thigh lacing covers while Navy uses a light
nylon coil siide fastener.
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| f)  CSU-13/P has an age limitation of 12 months from manufacture to delivery of material
versus 18 months for the USN.

g} Contractor performs own first article test witnessed by Defense Contract Administration
Service for CSU-13/P prior to delivery, versus private testing laboratory tests for USN units
after delivery of the units,

h}  The CSU-13/P has a large extra long size wh:le the Navy is considering a small short size
for women,

NOTE: A complete comparison chart, between the AF CSU-13/P and Navy CSU-15/P Anti-G
garment for all similarities/differences is given in Appendix A.

OPERATIONAL TEST CONCEPT

Sinc2 hoth suits perform similar functions, the CWU-13/P and its unique features will be
operationally evaluated against current concepts applicable to Navy Anti-G garments. NAVAIR-
DEVCEN proposed a Program Management Summary of Research and Development efforts that
is shown in Appendix B. Intermediate and Depot level maintenance are not required for these
tests. CSU-13/P garments may also be repaired by organizational level maintenance personnel in
accordance with (|AW) USAF technical data {Ref. A). Defective garments that cannot be repaired ‘
JAW USAF technical data will be removed from service and returned to Aircraft and Crew Systems |
Technology Directorate (CODE 60335), NAVAIRDEVCEN, Warminster, PA 18974, Logistics 7
support far the CSU-13/P will be provided through NAVAIRDEVCEN. The Navy has previously
evaluated its own garment {Ref. B) which is reported in Ref. C.

TEST OBJECTIVES

1. Appraise the ease of donning anc doffing the CSU-13/P as compared with the current |
Navy Anti-G garment,

2.  Appraise the comfort and fit of the CSU-13/P as compared with current Navy i
Anti-G garment. 3

3. Appraise the capability of the CSU-13/P to provide G protection as compared with the
current Navy Anti-G garment.

4. Appraise the compatability of the CSU-13/P with other life support and aircraft equip-
ment as compared with the current Navy Anti-G garment.

5. Appraise the durability of the CSU-13/P as compared with the current Navy Anti-G
garment,

6. Appraise the selected design features of the CSU-13/P that diffar from current Navy
Anti-G garments.

R A ' I &——:l—r . o m:::J
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PURPOSE & SCOPE

The purpose of these tests is to evaluate the operational effectiveness and suitability of the
CSU-13/P to both the aircrewmen and the technicians. Results will be used to determine which
design features of the CSU-13/P are acceptable for use in the USN/USAF consolidated garment.
Accepiable design features of both the CSU-13/P and current Navy Anti-G garments (CSU-15/P)
will be incorporated into a specification for a single garment, which will replace the individual
USAF and USN specifications and garments presently in use.

The tests will be limited to the evaulation of 8 CSU-13/P garments. The tests should be con
ducted by aircrewmen on as many different types of Nava! aircraft assigned to Naval Air Test
C.unter, (NAVAIRTESTCEN), Patuxent River, MD as possible. Aircrew members and aircrew
survival equipmentmen should evaluate the suits during routine flights and inspections. Durability
can only be evaluated on a limited basis since hidden deficiencies may not surface during the 60
day assigned test period.

FLIGHT TESTING

Each participating aircrew member and Aircrew Sursival Equipmentman shall be thoroughly
briefed by NAVAIRTESTCEN personnel on the ourpose of these tests, MAVAIRTESTCEN
personnel will supervise all fittings and ensure that each aircrew member is properly fitted with
the appropriate size garment |AW Table 1. Aircrew members flying in all Naval aircraft at ali crew
positions will evaluate the CSU-13/P during routine flying activities throughout the test period. At
the completion of each test sortie, the aircrewmembers will complete an Aircrew Questionnaire
{appendix C). !

NAVAIRTESTCEN will assess the response of aircrew members to: (1) the ease of donning
and doffing; {2) comfort and fit; and (3) G-protection offered by the garment. |

NAVAIRTESTCEN will also assess the response of the aircrew members to: (4) compatibii

ity with other life support and aircraft equipment (5} durability (6) various design features with
particular emphasis placed on evaluating the design differences and problems with the suit.

TABLE 1-Statwure and Weight Ranges for Fitting of ‘G’ Suit

Stature Range Weight Range !
(inches) {(pounds) i
Small regular 63.0 -67.9 131-160 d
Small long 68.0 -72.9 131-160 .
Medium regular 65.5 —69.4 161190 i
Medium long 69.5 -74.4 161-190 i
Large regular 67.0 -71.24 191-220 :
Large long 71.26-75.4 191-220
Large extra long 755 -79.0 191--230
Ef
Y
3
)
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SUMMARY

: All flight testing will be conducted in conjunction with routine flying activities. No mission
will be scheduled solely in support of this project,

For planning purposes, each test participant should fly a minimum of tive missions with the
CSU-13/P. However, questionnaires will still be required if less than five sorties are flown. During
the test, the project manager will monitor missions to ensure a reasonable number and cross-section
of high-G missions are being accomglished.

‘Test garments will be inspected |AW USAF technical data, Preflight inspections will be per-
formed by the aircrew member prior to each flight. The calendar inspections will be performed
by Aircrew Survival Equipmentman prior to the test, every 14 days during the test, and at the end
of the test.

A final NATC Report listing all the advantages/disadvantages of the Air Force CSU-13/P
garment as compared to the Navy CSU-15/P garment will be issued after completion of the
testing.
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APPENDIX A 1
ANTI-G GARMENT COMPARISON CHART ]
CSU-15/P AND CSU-13/P 3
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PROGRAM MANAGEMENT SUMMARY OF RESEARCH & DEVELOPMENT EFFORTS

o

Program Element No.: __64264N_  Tagk Area Title: _Aircrew Life Support Systems
Sub-Task Title: _USN/USAF Anti-G Garment Standardization
Program Status: On-going (J Proposed (J Planned Dd Date: __2 Dec 1982
Performing Laboratory/Center: NAVAIRDEVCEN
Technical Coordinator/Phone: ___D-N.De D“S?"l‘l’.‘f_‘Z’s’ 4:“"___.2'8-{.’9’9._ et s e e o
Project Engineer: J. Z. Lewyckyj
Contributing Laboratory/Center. Wright-P.tterson Air Force Base, Ohio
Cognizant SYSCOM Code: AIR-5311
CNM Product Area No./Title: 5/Crew Equipment and Lite Support
1. Program Description a. Obijective b. Technical Approach c. Goals
a. Objective: To provide both Naval and Air Force crewmembers in high performance aircraft with a jointly
designed common anti-G-suit that incorporates the latest anthropometric data base available for a better fit-
ting, more comfortable anti-G-suit.
b. Technical Approach: Initiate consolidation efforts to arrive at a joint specification, which subsequently can
be used by a single designated procurement agency to more effectively meet all service needs.

H ¢c. Goals: To maximize the crewmemter's inflight comfort and ¢’ :ctiveness and minimize cost.
2. Justification a. Problem b. Payoff c. Risk
a. Problem: The Navy and Air Force use similar anti-G-suit designs which are procured separately by each service,
using two different specitications. Both provide equal protection and meet the same basic requirements. De-
pending on each services needs cost effective procurements and deliveries limited with a duplication of logistics
and support.
b. Payoff: Improved comfort and fit with compliances to Tri-Service consolidation requirements.
c. Risk: The technical difficulties in meeting the objective are minimal.
3. Program Coordination  Other Navy 1  USMC O  Army [0 USAF O 1ri-Service 1 Othes

8-1
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Task Title: USN/USAF Anti-G Garment Standardization Date: 2 Dec 1982
|
4. Performer Funding ($K)
a. Funding ToDate FY-83 FY84 FY85 FY-86 FY To Comp Total
NADC 35.0 45.0 55.0 65.0 30.0 280.0
PFA(s) 250 20.0 250 700
Contracts(s) 50.0 40.0 200 110.0 j
Total 60.0 95.0 1150 1100 80.00 460.0 l
[
l 7
b. Contractors/PFA's To Date FY83 FY84 FY85 FY86 FY To Comp Total j
- - - - - | §
NAEC Lakehurst NJ 15.0 200 250 60.0 ;
NATC Patuxent River, MD 10.0 10.0
' TBD 500 40.0 90.0
TBD (Tech. Man.) 20.0 20.0
|
i ]
4
I
.. :
5. Miiestones Start Date: .October 1982 Completion Date: __January 1984
Projected 10C: September 1984
Fy83 | Fyss | Fyss | Frss FY '
EVENTS 112|314 (1])2|3|4]1]|2]|3[4[1]213]4[1]2(3]4
Complete test plan —0
Conduct flight test evaluation ]
Prepare test report —10 :
USN/USAF Review meeting 0 ;
Approval of recommendations 0 '

Prepare/approve ECP
Prepare CCB —0 "
Prepare S.0.W. for final design }—"0
Negotiate and award contract T
Monitor contract -
Revise NAVAIR 13-1-6.7 Manual
Flight test final design 1
Prepare test report
Finalize specs, paterns and dwgs. -0
Revise ILSP & Verify 13-1-6.7 —-0

DCN/Provisioning -1—0

KEY: 0 Scheduled Event @ Completed
6. Prepared by: 7. Approved by:
Jules Z. Lewyckyj D.N. DeSimone
B-2
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Task Title: USN/USAF Anti-G-Garment Standardization Date: 2 Qec 1982

S

8. Progress/Accomplishments
New Start

9. Milestones (CFY Expanded) FY83

ZVENTS O(N|{ DIJ[FIM[A[M]JI |J A]S

Complete Program Pian ~+—0
Complete Test Plan H
Initiate Flight Tests 0
Evaluation of Sizing Disparity ——0
Verification of Required Hose iLength +—0
for USN A/C
Complete Flight Tests 0
Prepare Test Report Q
USN/USAF Data Review Mtg. 0
Approval of Recommondations from +—=0
Review Meeting
Prepare ECP +—0
Forward ECP :0 NAVAIR | Oct.83

10. Resource Profile ($K)

CFY-A1 CFY CFY+1 CFY+2 CFY+3
a. Professional Man-Years 3 .5 5 5

Military Man-Years

Technical Man-Years
Shop Man-Years

Total Direct Labor Man-Years 3 5 5 5
b. Total Labor & Overhead 330 40.0 50.0 60.0
Materials and Travel 20 50 5.0 5.0
Major Procurement/Contracts 250 50.0 60.0 450
Planning Estimate 60.0 95.0 115.0 110.0

Funds Available

B-3
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APPENDIX C |
AIRCREW QUESTIONNAIRE
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AIRCREW QUESTIONNAIRE

NAME/RANK DATE
ORGANIZATION AUTOVON PHONE NUMBER
AIRCRAFT TYPE CREW POSITION

CSU-13/P NUMBER HEIGHT ______ WEIGHT

YEARS OF EXPERIENCE WEARING G-SUITS

NUMBER OF SORTIES FLOWN WITH THIS G-SUIT HOURS

SIZE OF CURRENT G-SUIT (SEE TABLE 1)

This questionnaire will be completed by each aircrew member at the end of the 60-day test per-

jod. The questionnaire should he completed only after referring to the flight data cards com-
pleted on each sortie throughout the test period. Use your current anti-G garment, commonly
referred to as a G-suit, as a base line for completing this questionnaire. The following rating
scale will be used.

RATING DESCRIPTION
5 CSU-13/P is a considerable improvement over current G-suit,
4 CSU-13/P is a slight improvement over current G-suit,

CSU-13/P shows no improvement over curient G-suit (equal).
CSU-13/P is slightly worse than current G-suit.

CSU-13/P is considerable worse than current G-suit.

C1
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1.  Rate ease of donning and doffing compared with your current G-suit.

Rating — \

ke

(f rating is below “3," please provide comments., Other comments are also solicited.

; COMMENTS:

2. Compare comfort and fit (too hot, pinching, uneven inflation of abdomiral and/or leg

bladder, proportional fit, etc.) in inflated and uninflated state with that of your current
G-suit.

Rating

If rating is below ‘3,’' please provide comments. Other comments are also solicited.

COMMENTS:

3. Compare G protaction with that of your current G-suit.

Rating

If rating is below ‘3, please provide comments. Other comments are also solicited.

COMMENTS:
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4. Compared to your current Navy G-suit, how do you rate compatibility of the CSU-13/P with
other life support, chemical defense (if applicable), and aircratt equipment?

RATING

a.  Other life support equipment (list).

b. Chemical defcnse equipment {list if applicable),

c.  Aircraft equipment (list).

If rating is below "'3,'" please provide comments. In addition, if the CSU-13/P was flown with
chemical defense or nonstandard life support or aircraft equipment that could affect the test,
please comment below. Other comments are also solicited.

COMMENTS:

5. Compare durability (seam separation, fabric tears, stuck zippers, etc. due to aging, launder-
ing, abuse).

Rating No. Times Laundered

If rating is below '3," please provide comments. Other comments are also solicited.

6a. Compare the length and the decign of the CSU-13/P air supply hose with that of your cur-
roat G-suit.

Rating:

If rating is below *'3,”" please provide comments. |f additional length is required for certain planes
comment, Other comments are also solicited,

: COMMENTS:

C-3
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6b. Compare the design of closure zippers considering such factors as ease of operation, direction
of closure, quick release feature, etc. with that of your current G-suit.

Rating: ——————

Other comments are also solicited. If rating is below *'3,”" please provide comments.

COMMENTS:

6¢. Compare the design of the outer shell considering such factors as weight, the leg pockets, ‘
velcro sizing, comfort zippers, MC-1 knife pockets, check list retainers, etc., with that of your
current G-suit,.

Rating: —

If rating is oelow *’3,"" please provide comments. Other comments are also solicited.

COMMENTS:

T e i Birim e e
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